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QUALITY  AND  DISPLAY  LIFE  OF  CAR- 
NATION BLOOMS  AFTER  STORAGE 
IN  CONTROLLED  ATMOSPHERES 

By  M.  Uota  and  M.   Gaeazsi,  horticulturists,  Market  Quality  Research  Division, 

Agricultural  Research  Service 


SUMMARY 


The  quality  of  carnation  blooms 
stored  in  y2  or  1  percent  oxygen  at- 
mospheres was  better  after  4  to  5 
weeks  of  storage  than  that  of  blooms 
held  in  air. 

Low-oxygen  atmospheres  reduced 
the  incidence  of  decay  in  storage. 
However,  the  low-oxygen  atmos- 
phere in  storage  was  only  slightly 
effective  in  prolonging  the  display 
life.  The  addition  of  carbon  dioxide 
to  the  low-oxygen  atmospheres  did 


not  increase  the  storage  life  of  the 
blooms. 

Carnation  blooms  held  at  32°  F. 
for  4  to  5  weeks  developed  petal 
injury.  This  injury  was  greatly  re- 
duced at  36°. 

Respiration  rates  during  storage 
were  reduced  in  low-oxygen  atmos- 
pheres, but  comparable  increase  in 
post-storage  life  of  the  blooms  was 
not  obtained. 


INTRODUCTION 


Carnations  are  normally  shipped 
and  marketed  within  3  or  4  days 
from  harvest.  Although  the  time  of 
harvest  of  some  kinds  of  flowers  can 
be  regulated  to  a  degree  by  cultural 
practices,  the  production  of  carna- 
tions cannot  be  manipulated  in  this 
manner.  Consequently,  large  sur- 
pluses of  marketable  flowers  may 
accumulate  between  periods  of  peak 
demand  and  are  difficult  to  dispose 
of  at  reasonable  prices.  Shippers  in 
California  commonly  store  blooms 
for  1  or  2  weeks,  but  some  loss  in 
quality  is  experienced.  Longer  stor- 
age periods  without  appreciable  loss 
in  quality  would  facilitate  market- 
ing and  would  be  more  profitable. 


Neff  (If.)  reported  that  carnation 
blooms  stored  in  dry  condition  at 
33°  F.  retained  their  quality  longer 
than  those  held  with  stems  in 
water.1  Post  and  Fischer  (5)  found 
this  technique  useful  in  prolonging 
the  storage  life  of  a  number  of 
flowers,  including  carnations.  They 
reported  31°  as  being  the  most  fav- 
orable temperature  for  holding  car- 
nations for  at  least  1  month.  Al- 
though dry  storage  has  lengthened 
the  storage  life  of  flowers,  this  sys- 
tem has  not  made  it  possible  to  hold 
carnations  in  an  acceptable  market- 

1  Italic  numbers  in  parentheses  refer  to 
Literature  Cited,  p.  9. 
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ing  condition  for  1  month  in  Cali- 
fornia. 

Controlled  atmospheres  (CA), 
developed  by  Kidd  and  West  (£) 
for  extending  the  storage  life  of  ap- 
ples, offered  a  possible  way  of  doing 
the  same  for  cut  flowers.  Neff  (^) 
reported  that  6  percent  carbon  di- 
oxide (C02)  in  the  storage  atmos- 
phere was  beneficial  for  carnations. 
Thornton  (7)  and  van  Stuivenberg 
(9)  also  obtained  favorable  results 
with  high  levels  of  C02  for  storage 
of  flowers.  However,  Hanan  (1)  re- 
ported in  1966  that  C02  levels 
above  -i  percent  were  harmful  to 
carnation  blooms.  He  also  found 
little  benefit  in  extending  vase  life 


from  the  use  of  low-oxygen  (02) 
atmospheres.  In  general,  his  work 
showed  that  low  02  did  not  prolong 
the  post-storage  life  of  flowers  when 
compared  with  those  stored  in  con- 
tinuously flowing  air. 

Since  02  is  utilized  in  the  process 
of  respiration,  the  rate  of  respira- 
tion should  be  affected  by  the 
amount  of  02  available  in  the  atmos- 
phere surrounding  plant  tissues. 
Laurie  (#),  Siegelman  and  others 
(6),  and  Uota  and  Harris  (8)  stud- 
ied the  respiration  rates  of  flowers 
in  air,  deprived  of  water  or  in  water. 
No  comparative  rates  had  been  re- 
ported with  flowers  held  in  low-02 
atmosphere. 


MATERIALS  AND  METHODS 


Carnation  flowers  (Dianthus 
caryophylla.,  Lin.  cultivar  White 
Sims,  white;  Linda,  pink;  and 
Scania,  red)  for  the  study  were  ob- 
tained from  plants  grown  in  the  San 
Francisco  Bay  area  of  California. 
The  flowers  were  usually  cut  and 
transported  to  Fresno,  Calif.,  on  the 
same  day.  Most  of  the  flowers  were 
not  placed  in  water  or  a  preserva- 
tive solution  until  they  were  re- 
moved from  cold  storage. 

The  flowers  were  stored  in  stain- 
less steel  chambers  (126  liters)  or  in 
glass  chambers  (18  liters)  held  in 
controlled  temperature  rooms  at 
32°  or  36°  F.  A  gas  stream  of  a 
known  composition  was  continu- 
ously passed  through  the  large  steel 
chambers  at  a  rate  of  400  ml./min. 
and  through  the  glass  chambers  at 
200  ml. /mm.  When  a  static  atmos- 
phere was  used,  the  blooms  were 
packed  in  a  fiberboard  shipping 
container.  From  50  to  75  blooms 
were  held  in  the  steel  chambers  and 
10  to  20  blooms  in  the  glass  cham- 
bers. The  flowers  were  stored  from 
4  to  5  weeks. 

The  mixed  gases  used  for  these 


( 'A  studies  were  blended  by  adding 
the  required  partial  pressure  of  each 
component  gas  to  an  evacuated  pres- 
sure cylinder.  The  partial  pressure 
was  calculated  as  the  percentage  of 
the  total  pressure  in  the  container. 
For  the  gases  that  do  not  closely 
conform  to  Dalton's  Law  of  Partial 
Pressures,  corrections  were  made  to 
compensate  for  the  deviation.  Ac- 
curate Heise  Bourdon  pressure 
gages  were  used  to  measure  the  pres- 
sures of  the  gases  in  blending  the 
mixtures.  After  the  proper  amount 
of  each  gas  was  added  to  the  pres- 
sure cylinder,  the  gases  were  al- 
lowed to  equilibrate  and  the  compo- 
sition of  the  resultant  mixtures  was 
checked  with  an  Orsat-type  gas 
analyzer. 

The  02  concentrations  used  for 
low  02  studies  were  y2i  1?  or  2  per- 
cent 02.  In  atmospheres  with  both 
low  02  and  C02,  5, 10,  or  15  percent 
C02  and  y2  percent  02  were  used. 
Essentially  pure  nitrogen  (N2)  was 
used  to  dilute  the  02  or  C02  in  the 
gas  mixtures.  However,  a  trace  of 
02  in  the  high-purity  N2  could  be 
detected   by   gas   chromatography. 
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But  this  amount  of  02  in  the  N2 
was  not  sufficient  to  change  the  con- 
centration of  02  significantly  when 
the  mixture  was  made  with  pressure 
gages.  A  biological  assay  indicated 
that  the  02  contaminant  in  the  N2 
was  not  sufficient  to  prevent  low  02 
injury  to  carnation  or  rose  blooms 
stored  in  the  high-purity  N2  at 
32°  F. 

Eelative  humidity  (EH)  in  the 
chambers  was  near  100  percent  in 
all  the  experiments. 

After  4  or  5  weeks,  the  flowers 
were  removed  from  storage.  They 
were  then  kept  at  45°  F.  for  24  hours 
with  their  stems  in  water  to  condi- 
tion the  blooms.  Following  this, 
they  were  held  at  70°  to  determine 
their  vase  life. 

Quality  evaluations  of  the  blooms, 
using  an  arbitrary  numerical  scale, 
were  made  immediately  after  the 
conditioning  period  and  on  the  next 
5  days.  The  ratings  ranged  from  1  to 
5  as  follows:  5  indicated  a  flower 
that  was  equivalent  to  a  freshly  har- 
vested bloom;  4  was  good  quality 
but  slightly  deteriorated;  3  was 
moderately  good  with  considerable 
display  life  left. ;  2  had  little  display 
life  left  and  usually  had  just  started 
to  show  signs  of  "sleepiness";  and 
1  had  no  decorative  value  or  was 
completely  "sleepy'1  or  dead.2 

If  a  physiological  injury  ap- 
peared on  the  petal  after  storage, 


■  "Sleepiness"  is  the  term  used  to  de- 
scribe a  carnation  bloom  in  which  the 
outer  petals  or  most  petals  become  curved 
upward.  This  condition  somewhat  re- 
sembles wilting,  but  it  is  not  reversible. 


the  injury  also  was  rated  on  a  nu- 
merical scale  of  1  to  5  as  follows: 
1  indicated  no  injury;  2,  slight  in- 
jury; 3,  moderate  injury;  4,  mod- 
erately severe  injury ;  and  5,  severe 
injury. 

The  significance  of  all  the  numer- 
ical ratings  was  evaluated  by  anal- 
ysis of  variance.  All  experiments 
were  replicated  four  to  six  times. 

Eespiration  rates  were  deter- 
mined by  measuring  the  C02  pro- 
duced by  10  blooms  held  in  glass 
chambers.  In  these  experiments  the 
intact  flower  and  a  portion  of  the 
stem  were  used.  For  most  of  the 
flowers,  the  stem  was  severed  at  the 
fifth  node  from  the  top  and  the 
leaves  were  left  on  the  three  upper 
nodes.  Stem  lengths  varied  from  14 
to  16  inches.  In  most  of  the  experi- 
ments, the  blooms  were  held  dry  in 
an  atmosphere  with  the  EH  ap- 
proaching 100  percent,  but  in  a  few 
tests  the  stems  were  immersed  in 
about  2  inches  of  water  in  a  beaker, 
to  compare  respiration  rates  with 
those  of  flowers  held  in  a  dry  con- 
dition. 

Carbon  dioxide  production  was 
measured  by  a  positive,  nondispers- 
ing,  infrared  analyzer  (Liston- 
Becker  model  15A).  This  analyzer 
was  connected  to  an  electrically  con- 
trolled manifold  which  automati- 
cally switched  the  sample  streams 
from  each  respiration  chamber  to  a 
C02  free  reference  gas  stream  at 
4-minute  intervals.  One  complete 
analysis  was  taken  every  8  minutes. 
Therefore,  if  eight  respiration 
measurements  were  made,  the  whole 
cycle  was  completed  in  64  minutes. 


RESULTS 


Effect  of  Temperatures  on 
Quality 

When  carnations  were  held  at  32° 
or  36°  F.  in  air  or  in  y2  percent  02 
for  4  to  5  weeks,  some  of  the  petals 


became  discolored.  Very  little  in- 
jury occurred  at  36°,  but  consider- 
able injury  occurred  at  32°  (table 
1) .  The  percentage  02  in  the  atmos- 
phere did  not  affect  the  severity  of 
the  disorder.  The  severity  of  the  in- 
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jury  was  not  consistent  throughout 
the  year  and  was  not  related  to 
bloom  maturity.  It  was  greatest  on 
the  red  variety  (Scania),  but  the 
pink  variety  (Linda)  also  showed 
bleached  petals  in  some  experi- 
ments. 

Table  1 . — Injury  ratings  for  carna- 
tion petals  held  at  2  temperatures 
and  2  atmospheres  ' 


Percent  02 

Injury  at 

indicated 

temperature 

Aver- 
age 2 

36°  F. 

32°  F. 

21  (air)__    

y2 

1.  1 

1.  7 

3.0 
2.  6 

2.  1  a 
2.  2  a 

Average 

1.  4  a 

2.  8  b 

1  Injuries  were  rated  as  follows:  1,  none; 
2,  slight;  3,  moderate;  4,  moderately 
severe;  5,  severe. 

2  Means  followed  by  different  letters 
are  significant  at  the  1-percent  level. 


Table  2. — Quality  ratings  of  carna- 
tion blooms  after  storage  in  indi- 
cated atmospheres  at  36°  F.  and 
after  4  additional  days  at  room 
temperatures  (70°) 


Quality  rating  ' 

Percent  02 

After 

storage  at 

36°  F.2 

After 

storage  at 

36°  F.  and 

4  days 

at  70° 3 

21  (flowing  air).. 
1 

2.  8  a 

3.  5     b 
4  0       c 

2.  1 
2.  8 

y2 

1.  5 

1  Quality  was  rated  as  follows:  5, 
equivalent  to  freshly  harvested  bloom; 
4,  good  quality  but  slightly  deteriorated; 
3,  moderately  good  with  considerable  dis- 
play life  left;  2,  little  display  life  left  and 
starting  to  show  signs  of  "sleepiness"; 
1,  dead. 

2  Means  followed  by  different  letters 
are  significant  at  the  1-percent  level. 

3  Differences  in  ratings  were  not  signifi- 
cant. 


Effect   of   Low-Os   Atmospheres 
on  Quality 

The  quality  of  blooms  held  in  low- 
02  atmospheres  (V2  and  1  percent) 
was  significantly  superior  to  those 
held  in  air,  when  examined  im- 
mediately after  storage.  The  lots 
held  in  the  V2  percent  02  atmos- 
phere were  rated  better  than  those 
held  in  1  percent  02.  The  color  was 
preserved  better  and  the  overall 
condition  was  judged  to  be  better 
than  those  held  in  continuous  flow- 
ing air  (table  2).  After  4  days  at 
room  temperature,  however,  these 
differences  were  not  apparent. 

Carnations  that  were  held  in  a 
shipping  container  (static  air)  had 
much  lower  quality  than  those  held 
in  continuously  flowing  streams  of 
air  or  low  02  when  examined  im- 
mediately after  storage  (table  3). 


After  4  days  at  70°  F.,  there  was 
no  difference  between  blooms  that 
were  held  previously  in  1  or  V2  Per" 
cent  02  atmospheres  and  those  that 
were  freshly  picked  (table  3).  The 
blooms  that  were  held  in  2  percent 
02  or  in  flowing  air  had  lower 
quality  than  those  held  in  a  y2  or 
1  percent  02  atmosphere,  but  the 
differences  were  not  statistically 
different. 

Effect    of    Carbon    Dioxide    on 
Quality 

The  addition  of  5,  10,  or  15  per- 
cent C02  to  an  atmosphere  with  y2 
percent  02  did  not  improve  the  qual- 
ity of  the  blooms  in  storage  (table 
4).  The  atmosphere  with  5  percent 
C02  and  V2  percent  02  had  essen- 
tially the  same  effect  as  continu- 
ously flowing  air  in  maintaining  the 
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Table  3. — Quality  ratings  of  carnation  blooms  freshly  harvested  or  stored 
under  indicated  atmospheres  at  86°  F.  and  after  an  additional  4  days  at 
room  temperature  (70°) 


Percent  02 

Quality  rating  ' 

Storage 

First  exami- 
nation 2 

Second 
examination 
after  4  days 

at  70°  3 

No  storage .   . 

5.  0     b 
2.  2  a 
4.  8     b 
4.  7     b 
4.  9     b 
4.  8     b 

4  9b 

After  storage 

Do 

Do 

Do 

21  (static  air)              .    _ 
21  (filowing  air) 

2 

1 

y2 

1.  8  a 

2.  8  ab 
2.  9  ab 
4.  2     b 

Do 

4.  6     b 

1  See  footnote  1,  table  2  for  scale  of  ratings. 

2  Means  followed  by  different  letters  are  significant  at  the  1-percent  level. 

3  Means  followed  by  different  letters  are  significant  at  the  5-percent  level. 


Table  4. — Quality  ratings  oj  carna- 
tion blooms  held  in  atmospheres 
with  modified  levels  of  02  and  C02 
at  86°  F. 


Atmosphere 


Quality 
rating  ' 


1  See  footnote  1,  table  2  for  scale  of 
ratings.  Differences  in  ratings  were  not 
significant. 


Effect   of   Low-Os    Atmospheres 
on  Decay 

L0W-O2  atmospheres  reduced  the 
spread  of  botrytis  decay  of  carna- 
tions stored  at  36°  F.  (table  5) .  The 
greatest  reduction  of  decay  oc- 
curred in  the  atmosphere  with  V2 
percent  02.  The  figures  in  table  5 
were  based  on  the  incidence  of  de- 
cay; a  bloom  was  rated  decayed 
even  when  a  trace  of  decayed  tis- 
sue was  found.  If  the  severity  of  the 
decay  was  considered,  it  was  much 
greater  in  the  normal  atmosphere 
than  in  flowers  held  in  low  02. 

Table  5. — Effect  of  low-02  atmos- 
pheres on  decay  of  carnations 
stored  at  86°  F. 


Decayed 
blooms  ' 


quality  of  the  blooms.  Addition  of  Percent  02 

10  or  15  percent  C02  in  the  storage 

atmosphere  caused  a  slight  injury  — 

to  the  blooms.  Injury  from  high 

C02  was  a  slightly  faded  appear-  21  (air) 

ance  and  a  loss  in  the  luster  of  the  2 

petals  on  colored  varieties.  Injured  h 

blooms  rapidly  lost  quality   when  /2~" 

they      were     displayed      at      room  .  Means  followed  by  different  letters  are 

temperature.  significant  at  the  5-percent  level. 

363-916  O — 67 2 


Percent 
57.  2  a 
50.  8  a 
37.  5  ab 
19.  0     b 
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Figure   1. — Respiration   rates   of  carnation  blooms  stored   at  36°    F.   in  indicated 
atmospheres :  A,  Scania ;  B,  Linda ;  C,  White  Sims. 


The  incidence  of  decayed  blooms 
differed  greatly  from  lot  to  lot,  in- 
dicating that  incipient  infections  in 
the  greenhouses  or  infections  re- 
sulting from  poor  handling  during 
harvesting  -were  the  primary  causes 
of  decay  that  developed  in  storage. 
Although  I0W-O2  atmospheres  did 
not  prevent  the  development  of  de- 
cay, they  slowed  the  growth  of  the 
organism,  allowing  only  very  small 
lesions  to  develop  in  storage. 


Effect   of   L0W-O2   Atmospheres 
on  Respiration  Rate 

Low-02  atmospheres  reduced 
respiration  rates  during  storage 
both  at  36°  and  32°  F.  The  rates  m 
the  White  Sims,  Linda,  and  Scania 
varieties  are  shown  in  figure  1.  The 
rates  were  lowered  by  45  percent  in 
V2  percent  02,  39  percent  in  1  per- 
cent 02,  and  30  percent  in  2  percent 
02  atmospheres,  when  compared  to 
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Figure  2. — Respiration  rates  of  White  Sims  carnation  blooms  at  36°  F.  in  indicated 

atmospheres. 
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Figure  3. — Respiration  rates  of  White  Sims  carnation  blooms  at  32°  F.  in  indicated 

atmospheres. 


air  (21  percent  02).  Although  the 
respiration  rate  was  greatly  reduced 
with  2  percent  02,  the  vase  life  was 
not  prolonged  accordingly. 

When  high-purity  nitrogen,  with 
only  trace  amounts  of  02,  was  used, 
the  respiration  rate  gradually  de- 
creased to  such  a  low  level  that  the 
blooms  and  foliage  were  severely  in- 
jured (figs.  2  and  3).  The  effect  of 


temperature  (36°  vs.  32°  F.)  on  res- 
piration rate  was  greater  in  air  than 
in  any  of  the  other  atmospheres. 

When  the  stems  were  placed  in 
water  during  storage,  the  respira- 
tion rate  was  25  to  30  percent  great- 
er than  when  the  stems  were  held 
dry  (fig.  4).  This  effect  occurred 
both  in  air  and  in  the  1  percent  02 
atmosphere,  Neff  (4)  in  his  study 
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Figure  4. — Respiration  rates  of  Linda  carnation  blooms  stored  at  36°  F.  with  stems 
dry  or  in  water  and  in  indicated  atmosphere. 
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on  storage  of  cut  carnations  found 
that  blooms  stored  with  the  stems 
dry  contained  a  considerably  great- 
er amount  of  sugar  and  carbohy- 
drates than  those  stored  with  the 
stems  in  water.  Flowers  stored  with 
the  stems  in  water  and  held  in  the 
1  percent  02  atmosphere  did  not 


respire  as  rapidly  as  those  held  dry 
in  air,  however. 

Flowers  stored  in  water  were 
more  susceptible  to  botrytis  decay 
than  those  held  dry,  when  the  rela- 
tive humidity  in  the  ambient  atmos- 
phere was  the  same. 


DISCUSSION 


Flowers  held  4  to  5  weeks  in  low- 
02  atmospheres  had  only  slightly 
better  vase  life  than  those  held  in  a 
continuously  flowing  "fresh"  air 
stream  in  which  the  humidity  was 
maintained  high  enough  to  prevent 
excessive  water  loss.  However,  im- 
mediately after  storage,  the  color  of 
the  blooms  held  in  low  02  more 
closely  resembled  the  freshly  har- 
vested blooms  than  the  color  of 
those  held  in  air.  This  color  effect 
indicates  that  the  change  in  colora- 
tion may  be  due  to  oxidation  reac- 
tion, and  the  activity  is  associated 
with  oxygen  in  the  cell  sap. 


The  effect  of  oxygen  in  the  ambi- 
ent atmosphere  on  respiration  was 
pronounced.  However,  the  post- 
storage  display  life  of  the  flowers 
was  not  closely  correlated  to  respira- 
tion levels  during  storage.  Appar- 
ently, the  post-storage  display  life  is 
not  affected  directly  by  the  amount 
of  substrate  remaining  for  respira- 
tion processes  in  the  flower  tissue. 
One  would  expect  more  substrate  to 
be  left  in  flowers  held  in  low-02  at- 
mospheres, with  reduced  respiratory 
activity  than  in  flowers  held  in  air. 
Since  quality  was  best  in  flowers 
stored  in  continuously  flowing  fresh 
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atmospheres  for  long  periods,  the 
most  important  factor  in  storage 
may  be  the  prevention  of  the  ac- 
cumulation of  some  volatile  that 
causes  premature  senescence  of 
carnations. 

Results  similar  to  those  obtained 
with  the  continuously  purging  sys- 
tem may  be  achieved  with  an  effi- 
cient adsorbent  filter  in  the  chamber 
to  remove  the  volatiles  from  the  stor- 
age atmosphere.  However,  the  level 
of  concentration  at  which  the  vola- 
tiles must  be  maintained  is  quite  low 
and  an  extremely  efficient  filter 
would  be  required. 

These  results  question  the  eco- 
nomic feasibility  of  holding  flowers 
in  I0W-O2  atmospheres.  If  the  air  in 
the  storage  chamber  can  be  contin- 
uously changed  with  pure,  fresh  air 


during  storage,  low-02  atmospheres 
probably  would  not  be  needed.  How- 
ever, if  N2  gas  is  cheap  enough  and 
readily  avilable,  then  a  system  in 
which  the  N2  is  mixed  with  air  to 
provide  low-02  atmospheres  would 
provide  added  protection  during 
storage.  Low-02  atmospheres  would 
be  desirable  if  a  decay  problem  were 
present. 

The  respiration  rate  of  the  White 
Sims  variety  was  not  consistent 
when  the  rates  were  measured  at 
two  different  times  of  the  year.  The 
rate  was  lower  in  blooms  harvested 
in  winter  than  in  those  harvested  in 
spring.  This  may  explain  some  of 
the  differences  in  the  keeping  qual- 
ity of  flowers  harvested  at  different, 
times  of  the  year. 
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